of states that contributed data in any 1 year was 10-22 (participation varied, related to funding and other concerns). After excluding 247,443 (2%) deaths among persons with ages reported as <18 years or >120 years, and 334,629 (3%) deaths without occupation information, 12,128,774 (95%) remaining deaths were included in this analysis.
ALS and Parkinson's disease deaths were identified using International Classification of Diseases, ¶ 9th Revision (ICD-9) codes until 1998 and 10th Revision (ICD-10) codes thereafter. ALS deaths were defined as decedents with underlying or contributing cause of death codes 335.2 (ICD-9) or G12.2 (ICD-10) and Parkinson's disease deaths as those with underlying or contributing cause of death codes 332 (ICD-9) or G20 (ICD-10). Usual occupation,** recorded on death certificates in a text field, was assigned a U.S. Census 1990 or 2000 occupation code. † † These were converted to 2000 codes using a crosswalk based on U.S. Census data. § § Occupation codes were then grouped into 26 categories based on similar job duties and ordered roughly from high SES (e.g., management) to low SES (e.g., transportation and material moving) ( Table 1) . ¶ ¶ Associations between the 26 categories and ALS and Parkinson's disease mortality were estimated via PMRs, standardizing indirectly by age, sex, race, and calendar year (4)***; 95% confidence ¶ https://www.cdc.gov/nchs/icd/. ** Usual occupation was ascertained on death certificates via the following field: DECEDENT'S USUAL OCCUPATION (Indicate type of work done during most of working life. DO NOT USE RETIRED). The standard U.S. death certificate is available at https://www.cdc.gov/nchs//nvss/mortality_ methods.htm. † † U.S. Census 1990 and 2000 occupation codes are available at https://www. census.gov/people/io/methodology/. § § The crosswalk is based on data in Table 2 as the observed number of ALS deaths in the management category divided by the expected number of ALS deaths in that category. The expected number of ALS deaths for management was calculated as the sum of the stratumspecific expected numbers of ALS deaths for management, where the strata were defined by crosstabulations of the variables used for standardization. The stratum-specific expected numbers of ALS deaths in the management category were calculated as the stratum-specific observed numbers of ALS deaths for all occupation categories multiplied by the stratum-specific observed numbers of deaths from all causes in the management category divided by the stratum-specific observed numbers of deaths from all causes for all occupation categories. intervals (CIs) for PMRs were calculated using formulas based on Byar's approximation to the exact Poisson test (5) .
Because cause-specific PMRs are mutually dependent, a higher mortality proportion for one cause results in a lower mortality proportion for another cause (4) . Occupational categories reflect job duties and SES; therefore, higher SES occupations might have higher (or lower) PMRs for ALS and Parkinson's disease because deaths from other causes which might be related to SES might be lower (or higher) in these occupations. To test whether this limitation of using PMRs for analysis might explain results for ALS and Parkinson's disease, a sensitivity analysis was conducted in which chronic disease of the endocardium † † † was used as a negative control outcome (i.e., an outcome not expected to be related to occupation or SES) (6) . A PMR pattern for chronic disease of the endocardium similar to that of ALS and Parkinson's disease would suggest that higher (or lower) PMRs for ALS and Parkinson's † † † Chronic disease of the endocardium includes nonrheumatic mitral valve disorders; nonrheumatic aortic valve disorders; nonrheumatic tricuspid valve disorders; pulmonary valve disorders; and endocarditis, valve unspecified. (Table 2) . In crude analyses, ALS decedents were younger and more likely to be male and white than were decedents from all causes, whereas Parkinson's disease decedents were older and more likely to be male and white than were decedents from all causes. Deaths from chronic disease of the endocardium were older and more likely to be female and white than decedents from all causes ( Table 2) .
In standardized analyses, among ALS decedents, the PMRs for 14 occupation categories were significantly above 1.00, and for four (computer and mathematical; architecture and engineering; legal; and education, training, and library) were ≥1.50 (Table 3 ). In contrast, PMRs were significantly below 1.00 for 10 occupation categories, and none had a PMR ≤0.67 (Table 3) . Among Parkinson's disease decedents, PMRs for 13 occupation categories were significantly above 1.00, and none had a PMR ≥1.50. In contrast, PMRs were significantly below 1.00 for 11 occupation categories, and one (extraction [e.g., mining or oil and gas drilling]) had a PMR ≤0.67. Among chronic disease of the endocardium decedents, the PMRs for nine occupation categories were significantly above 1.00, but the magnitudes were much less than those observed for ALS and Parkinson's disease; the highest (1.15) was for the legal category. The PMRs for seven occupation categories were significantly below 1.00, but, again, the magnitudes were much less than those observed for ALS and Parkinson's disease; the lowest PMR for chronic disease of the endocardium was 0.81 (extraction category).
Discussion
Most previous studies of occupation and ALS and Parkinson's disease have focused on exposures to toxicants (e.g., pesticides, solvents, lead, welding fume, and electromagnetic fields) that occur more frequently in lower SES occupations (e.g., farming, construction, production, and military service) (1-3). This study, however, did not find positive associations between lower SES occupations and ALS and Parkinson's disease mortality; rather, positive associations were identified between ALS and Parkinson's disease mortality and higher SES occupations such as computer and mathematical; architecture and engineering; legal; and education, training, and library occupations. Understanding the reasons for this finding is important for a number of reasons. The burdens of ALS and Parkinson's disease mortality could increase in the future because the U.S. workforce is increasing in age, and increasing age is a recognized risk factor for ALS and Parkinson's disease (1, 2) . If the associations between higher SES occupations and ALS and Parkinson's disease mortality are real, then the burdens of ALS and Parkinson's disease mortality could also increase in the future because the U.S. workforce is increasing in the number and proportion of workers employed in higher SES occupations. Substantially elevated PMRs for respiratory disease and injury-related mortality among extraction workers might explain lower PMRs for ALS and Parkinson's disease in that occupation.
The findings in this report are subject to at least six limitations. First, usual occupation and outcomes might have been misclassified. A 1990 study based on 1980 U.S. Census occupation codes and 15 occupation categories reported the agreement between occupation ascertained from death certificates and company records was only 58% (7) . However, a recent study based on 2010 U.S. Census Standard Occupational Classification codes and 22 occupation categories found the concordance between self-reported usual and current occupation was good (κ = 0.763; 95% CI = 0.754, 0.772) (8) . Second, although the sensitivity of death certificates for ascertaining ALS is high (85%) (9), it is lower for Parkinson's disease (56%) (10) , which suggests misclassification of Parkinson's disease deaths was likely more prevalent than misclassification of ALS deaths. Third, the broad occupation categories used for this analysis aggregated workers who might have had substantially different working conditions, limiting interpretation of results. For example, if an insecticide were positively associated with Parkinson's disease mortality, this analysis might not have found a positive association between farming, fishing, and forestry and Parkinson's disease mortality because that occupation category includes farmers who both did and did not use the insecticide as well as fishing and forestry workers who likely never used it. Fourth, death certificates do not collect dates of employment or of diagnosis, but the progressive natures of ALS and Parkinson's disease make it unlikely that much of decedents' time employed in their usual occupations would have occurred after diagnosis. Therefore, reverse causality (i.e., that diagnoses of ALS or Parkinson's disease would cause workers to switch their usual occupations) and misclassification of usual occupation is unlikely. Fifth, this study was unable to separate effects of occupation and SES on ALS and Parkinson's disease mortality, and results might have been affected by unmeasured confounders such as cigarette smoking. Finally, there are recognized limitations of using PMRs for analysis (4). The negative control outcome analysis, however, suggests that these limitations did not meaningfully affect results for higher SES occupations. Strengths of this study include its large sample size; complete, representative, and population-based sample, and that PMRs were indirectly standardized by measured confounders.
This study identified higher ALS and Parkinson's disease mortality among workers in higher SES occupations, but was unable to identify occupational or nonoccupational factors that might explain these findings. Future studies of workers in higher SES occupations are needed to assess the consistency of these findings and identify factors that might explain elevated ALS and Parkinson's disease mortality, using study designs that provide evidence for causality (e.g., cohort or case-control), individual exposure data for specific agents or experiences, and occupation categories formed on the basis of exposure to specific agents or experiences and linked to job exposure What is added by this report?
This study described the burden of ALS and Parkinson's disease mortality by usual occupation in a large, complete, representative, and population-based sample in the United States and found higher ALS and Parkinson's disease mortality among workers in occupations associated with higher socioeconomic status (SES).
What are the implications for public health practice?
Although the reasons for the findings of this study are not understood, it provides information for future targeted studies among workers in higher SES occupations to identify risk factors for ALS and Parkinson's disease. These studies should use designs that provide evidence for causality, detailed exposure assessment, and adjustment for additional potential confounders.
matrices for exposures of interest. Adjusting for potential confounding by cigarette smoking and socioeconomic status, using incidence rather than mortality to ascertain outcomes, and incorporating information regarding the timing of exposures relative to the timing of outcomes might help further elucidate the reasons for these findings, so that strategies for prevention could be developed.
